METHODS:
The NF and solid-walled (SW) PLLA scaffolds were prepared using a phase separation process previously developed in our lab. hAFSCs were provided by the Wake Forest Institute for Regenerative Medicine (Winston-Salem, NC). A commercially available hMSCs line (derived from human bone marrow withdrawn from the posterior iliac crest of the pelvic bone of normal volunteers) was obtained from LONZA (Walkersville, MD). The mineralization of hAFSCs and hMSCs, induced by DEX or rhBMP7, was visualized by Alized Red S staining on the petri dishes at the end of a 2-week culture. ALP activity of hAFSCs and the calcium content on NF and SW scaffolds were detected after 1 and 2 weeks of rhBMP7 induction. Expression of genes associated with the osteoblastic differentiation was also examined using real time PCR to investigate the effect of the synthetic nano-fibrous matrix on gene expression at 1, 2 and 4 weeks. In order to investigate the osteogenic differentiation of hAFSCs in vivo, the hAFSCs/scaffolds after induced by rhBMP7 for 7days in vitro, were subcutaneously implanted into nude mice. Six weeks after subcutaneous implantation, the newly formed bone was detected by radiographic examination and von Kossa staining. For all experiments, values were reported as mean ±SD based on triplicate cell cultures. The experiments were performed twice to ensure reproducibility. To test the significance of observed differences between the study groups, an unpaired Student's t-test was applied. A value of p< 0.05 was considered to be statistically significant.
RESULTS:
Our research shows for the first time that hAFSCs can be induced for osteoblastic differentiation by rhBMP-7, and hAFSCs respond to rhBMP-7 more strongly than human mesenchymal stem cells (hMSCs) (Fig.1) . As synthetic ECM, scaffolds play a central role in tissue engineering. The hAFSCs, on the nanofibrous scaffolds (NF scaffolds) with morphology similar to that of natural collagen fibers, showed significantly enhanced alkaline phosphatase (ALP) activity, calcium content, von Kossa staining and the expression of osteogenic genes than those on the traditional scaffolds, i.e. solid walled scaffolds (Fig.2) . The data on the bone formation in vivo presented further evidence that biomimetic NF scaffolds provided hAFSCs a more favorable synthetic ECM, and thus, facilitated the osteogenic differentiation of hAFSCs (Fig.3) . Fig.2 . The rhBMP7-induced ALP activity of hAFSCs was significantly higher on the NF scaffolds than SW scaffolds at 1week. However, no difference between two scaffolds was detected at 2 weeks (A). Mineralization of NF scaffolds was much stronger than SW scaffolds, which was confirmed by von Kossa staining and determination of calcium contents in the scaffolds (B,C). Fig.3 . Radiographic examination showed radiopacity in NF scaffolds was significantly higher than SW scaffolds (A). The newly formed bone was mineralized as noted by von Kossa staining, as the data (C, D) showed, significant ectopic bone formation were found on both scaffolds. Obviously, the areas of mineralization on NF scaffolds (D) were significantly higher than SW scaffolds(C), measured by ImageJ software (B). The bars in C and D present 500µm. (* p<0.05)
DISCUSSION:
In this study, we have shown that hAFSCs can be induced for osteoblastic differentiation by rhBMP-7. Most impressive is that the responsiveness of hAFSCs to rhBMP-7 is comparable to DEX. Further studies are required to understand the underlying mechanisms. Moreover, the hAFSCs on NF scaffolds (with morphology similar to that of natural collagen fibers) showed significantly enhanced osteogenic differentiation induced by rhBMP-7 than the cells on the SW scaffolds without the fine fibrous structure. The possible mechanisms of the enhanced osteogenic differentiation of hAFSCs on NF scaffolds will be discussed based on the results from our group as well as others.
